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We present a patient with frequent episodes of palpitation who had idiopathic premature
ventricular contraction (PVC) with QRS morphology exhibiting a right bundle branch block
pattern with an inferior axis. Neither administration of procainamide, propranolol, lidocaine
or verapamil could inhibit PVC, whereas administration of adenosine triphosphate, carotid
sinus massage and Valsalva maneuver could eﬀectively eliminate PVC. The earliest
activation preceding the QRS complex by 25msec at occurrence of the PVC was recorded at
the distal site of the coronary sinus and within the left coronary cusp. Pacemapping in the
supravalvular site during sinus rhythm produced a QRS complex more similar to PVC than
that produced in the infravalvular site of the left ventricular outﬂow tract (LVOT).
Radiofrequency catheter ablation was performed at the supravalvular site close to the
epicardial LVOT, which resulted in successful elimination of PVCs.
(J Arrhythmia 2006; 22: 58–65)
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Introduction
Although premature ventricular contractions
(PVCs) and ventricular tachycardia (VT) in the
structurally normal heart are not always associated
with life-threatening consequences,1) they are some-
times refractory to antiarrhythmic agents and their
symptoms are often severe. There have been some
reports of catheter ablation of PVCs and VT
originating from the left ventricular outﬂow tract
(LVOT), in which the success rate of catheter
ablation was high and this method of treatment
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Case Report
was thought to be eﬀective for eliminating these
arrhythmias.2) However, there has not been an
exploration of the eﬀects of pharmacological inter-
vention, autonomic provocation and radiofrequency
catheter ablation on PVC originating from LVOT. In
this article, we report a case with idiopathic PVC
originating from LVOT, which was terminated by
administration of adenosine triphosphate (ATP)
together with vagal stimulation and abolished by
radiofrequency energy applied at the supravalvular
region of the left coronary cusp.
Case Report
A 40-year-old male with a history of symptomatic
PVC refractory to medical therapy was referred to
our hospital for radiofrequency catheter ablation.
The QRS morphology of the PVC was right bundle
branch block and inferior axis pattern. He had
experienced episodes of palpitation during exertion
for the last six months. Routine examinations
including echocardiography, left ventriculography
and coronary angiography revealed no apparent
structural heart disease. However, for the last three
months, he had more frequent episodes of palpitation
than before, and the 24 hours Holter ECG detected
frequent episode of PVCs (i.e., 35679 beats per day).
The PVC was refractory to administration of several
antiarrhythmic agents of class I and amiodarone. The
cardiac size was getting larger as seen by chest X-P
with cardiothoratic ratio of 48% to 52%, and the
BNP value also increased. Echocardiography dem-
onstrated dilatation of left ventricular space with
diastolic diameter of 58mm and mild reduction of
ejection fraction to 54%.
Surface ECG revealed frequent PVC with QRS
complex of right bundle branch block and inferior
axis with a dominant R wave in all precordial leads
(Figure 1).
We elucidated eﬀects of antiarrhythmic agents
and vagal stimulation on the PVC. Right carotid
sinus massage (CSM) eliminated the PVC, and left
CSM and Valsalva maneuver diminished the fre-
quency of the PVC (Figure 2A). Intravenous injec-
tions of several antiarrhythmic drugs, including
procainamide, propranolol, lidocaine and verapamil
were not eﬀective for elimination of PVC (Figure
2B), however, bolus injection of ATP with 10mg
inhibited PVC distinctively (Figure 2C).
After informed consent was obtained, electro-
physiological study and catheter ablation were
performed in a drug-free state. Electrode catheters
were positioned in right ventricular apex, right
ventricular outﬂow tract, coronary sinus and septal
site of high right atrium (Figure 3A). The earliest
activation was obtained at the distal site of the
coronary sinus (CS1–2) during development of the
PVC, and that preceded the QRS complex by
25msec. A mapping study was attempted with an
electrode catheter located in the left ventricle. The
earliest activation during development of the PVC
was recorded at the infravalvular region of the
LVOT, which preceded the QRS complex by
15msec (ABL1–2 in Figure 3B). Pacemapping at
this site during sinus rhythm produced a QRS
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Figure 1 Surface twelve-lead ECG during occurrence of PVCs.
The morphology of the QRS complex of PVC exhibited right bundle branch block pattern with inferior
axis.
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Figure 2
A: ECG during carotid sinus massage (CSM) and Valsalva maneuver during development of PVC. Right CSM
distinctively inhibited PVC and left CSM and Valsalva maneuver diminished PVC.
B: ECG during administration of several antiarrhythmic drugs for PVC. Neither procainamide, propranolol, lidocaine
nor verapamil could inhibit PVCs.
C: Limb lead of ECG after administration of adenosine triphosphate during occurrence of PVC. PVCs were
eliminated immediately after bolus injection of ATP. ATP, adenosine triphosphate.
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complex similar to that of the PVC in a surface 12-
lead ECG, although the QRS width was slightly
narrower than that of the PVC (Figure 4). Activation
mapping system (CARTO, Biosense Webster, Inc)
(Figure 5) showed the LVOT site to be located at the
anterior left ventricular wall below the aortic valve.
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Figure 3
A: Fluoroscopic images during endocardial mapping at the infravalvular left ventricular site. RAO, right anterior oblique view; LAO, left
anterior oblique view; CS, coronary sinus; ABL, ablation catheter.
The distal electrode pair of the ablation catheter was located in the infravalvular region of the left ventricular outﬂow tract close to the
distal electrode pair of the CS (CS 1,2).
B: Intracardiac electrograms during sinus rhythm and appearance of PVC (The infravalvular site). RA, septal site of high right atrium; CS,
coronary sinus; RVOT, right ventricular outﬂow tract; RVA, right ventricular apex; ABL, ablation catheter.
The local ventricular potentials at the distal site of coronary sinus (CS1–2) and at the distal electrode pair of ablation catheter in the
infravalvular left ventricular outﬂow tract preceded the QRS complex by 25msec and 15msec, respectively.
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Radiofrequency catheter ablation was performed at
this endocardial site, but PVC was not inhibited.
We investigated the local electrograms close to
coronary cusps above the aortic valve. The slight
insertion of the electrode catheter into the CS could
result in the shift of the earliest activation from CS
1–2 to CS 5–6 during development of the PVC. The
earliest activation was obtained at the distal elec-
trode pair close to the left coronary cusp during
LAO LAO cranial 
A. Valve M.Valve 
A. Valve 
Figure 5 CARTO images of activation mapping during PVC appearance.
LAO, left anterior oblique view; A. valve, aortic valve; M. valve, mitral valve.
The earliest activation site (red zone) was recorded at anterior wall of left ventricle
below the aortic valve.
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Figure 6 Intracardiac electrograms during appearance of PVC (the supravalvular site).
Both the ventricular potentials recorded at the distal site of coronary sinus (CS5–6) and at the distal electrode pair of ablation
catheter in the supravalvular left ventricular outﬂow tract preceded the QRS complex by 25msec.
Figure 4 Comparison between the QRS complex at PVC
and at pacemapping in the infravalvular region. S indicates a
stimulation artifact.
Pacing at the infravalvular site of the left ventricular outﬂow tract
during sinus rhythm produced a similar but slightly narrower QRS
complex as compared with that of the PVC.
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development of the PVC and which preceded the
QRS complex by 25msec, in which the local
electrogram was recorded concurrently with those
of the CS 5–6 electrode (Figure 6). Pacemapping at
this site during sinus rhythm exhibited a QRS
complex more similar to the PVC’s compared with
that at the infravalvular site of LVOT (Figure 7).
Radiofrequency energy was delivered in this site
(Figure 8) during development of the PVC at a power
of 30 to 50W with a target temperature of 60C,
resulting in elimination of PVC at 10 seconds after
the commencement of application (Figure 9).
Discussion
In case of idiopathic VT (or PVC) from the right
ventricular outﬂow tract, the origin is classiﬁed
precisely by analysis of QRS morphology and body
surface maps,3) but in case of VT (PVC) from the
LVOT, it is classiﬁed more brieﬂy. By analysis of
QRS morphology, PVCs with QRS morphology
exhibiting right bundle branch block, broad R wave
in the precordial leads and inferior axis type
originate from various sites of the left ventricular
outﬂow tract, whereas those showing left bundle
branch block type, inferior axis and transition zone
of V1 or V2 type originate from the basal aspect of
the superior left ventricular septum.4–6) On the other
hand, whether the VT (PVC) originates above or
below the aortic valve can also be estimated from the
QRS morphology. Hachiya et al.7) reported the
relationship between the origin of the PVC and
ECG ﬁndings. They reported that the QRS morphol-
ogy with S wave in lead I, precordial R wave
transition in lead V1 or V2 and no S wave in lead V5
or V6 suggests that the origin of the PVC is localized
at the supra-aortic valvular region, whereas S wave
in lead I, tall R waves in leads V1 and V2, and S
wave observed in lead V5 or V6 suggests that the
origin of the PVC is localized at the infra-aortic
valvular region. In this case, by the analysis of the
QRS conﬁguration of the PVC, its origin was
thought to be localized at the supra-aortic valvular
region. However, the earliest ventricular activation
during development of the PVC was recorded both at
the distal pair of the CS electrode and at the site
close to coronary cusp in the supravalvular region.
Therefore, the origin of this PVC was assumed to be
located at the epicardium between the aortic valve
and the distal portion of the CS. This was proved by
the fact that radiofrequency ablation at the site close
to the coronary cusp in the supravalvular region was
more eﬀective for termination of PVC than at the
endocardium of the LVOT.
The mechanism of idiopathic VT from right
ventricular outﬂow tract is well recognized to be
cyclic adenosine monophosphate (c-AMP)-mediated
triggered activity.8) Therefore it is assumed to be
Figure 7 Comparison between the QRS complex at PVC
and at pacemapping in the supravalvular region. S indicates a
stimulation artifact.
Pacemapping at the supravalvular site of LVOT during sinus
rhythm exhibited the QRS complex more similar to that of the
PVC than that done at the infravalvular site.
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Figure 8 Fluoroscopic images of the relationship between the catheter position
of successful ablation and the left coronary artery.
Radiofrequency ablation catheter was located close to the left coronary cusp in the
supravalvular site. ABL, ablation catheter; LCA, left coronary artery; LAD, left anterior
descending artery; LCX, left circumﬂex artery; CAG, coronary angiography.
PacingPVC
V6
V5
V4
V3
V2
V1
aVF
aVL
aVR
III
II
I
S
S-QRS=25ms
Miyaji K PVCs originating from epicardial left ventricular outﬂow tract
63
inhibited by adenosine, vagal maneuvers, -block-
ers, and calcium channel blockers. To the contrary,
PVC and VT from the left ventricular outﬂow tract
are observed infrequently, and so this mechanism
has not been well elucidated. Idiopathic left VTs
have been reported to be classiﬁed into three
categories according to pharmacological eﬀects9) as
the verapamil sensitive type, the adenosine sensitive
type and the automatic (propranolol sensitive) type.
The adenosine sensitive type is thought to originate
in the interventricular septum and exit to some
regions, for example, the LVOT. It results from
cAMP-stimulated intracellular calcium overload,
and theoretically it is inhibited by Valsalva maneu-
vers, pharmacological intervention of verapamil, -
blockers and adenosine. However, the response of
PVC from the LVOT to these antiarrhythmic drugs
remains unclear between supravalvular and infra-
valvular site. It has been reported that responses of
PVC from the LVOT to antiarrhythmic drugs were
not uniform and especially, the eﬀects of propranolol
and verapamil on the PVC were diﬀerent in
individual cases compared with those of the PVC
from the right ventricular outﬂow tract.6,10,11) On the
other hand, both vagal stimulation and ATP produce
the same cardiac eﬀect and share a similar receptor-
eﬀector coupling system, which activates the inhib-
itory Gi protein, and decreases the c-AMP due to
inhibition of adenylate cyclase.12) Therefore, Lerman
et al.12) emphasized that the mechanism of adeno-
sine-sensitive ventricular tachycardia in which ad-
enosine is eﬀective is due to c-AMP mediated
triggered activity, although it has been reported that
ATP has c-AMP independent actions associated with
decrease of Ca2þ inﬂux.12,13)
In this case, vagal stimulation and administration
of ATP were distinctively eﬀective for inhibiting the
PVC which was not inhibited by antiarrhythmic
agents including propranolol and verapamil. Its
response to such a pharmacological intervention
suggests that the possible mechanism of the PVC
from the epicardial site of the LVOT may be
triggered activity.
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